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 Background: This study aimed to investigate the influence of deep sternal wound infection on long-term survival following 
cardiac surgery.
 Material/Methods: In our institutional database we retrospectively evaluated medical records of 4732 adult patients who received 
open-heart surgery from January 1995 through December 2005. The predictive factors for DSWI were deter-
mined using logistic regression analysis. Then, each patient with deep sternal wound infection (DSWI) was 
matched with 2 controls without DSWI, according to the risk factors identified previously. After checking bal-
ance resulting from matching, short-term mortality was compared between groups using a paired test, and 
long-term survival was compared using Kaplan-Meier analysis and a Cox proportional hazard model.
 Results: Overall, 4732 records were analyzed. The mean age of the investigated population was 69.3±12.8 years. DSWI 
occurred in 74 (1.56%) patients. Significant independent predictive factors for deep sternal infections were ac-
tive smoking (OR 2.19, CI95 1.35–3.53, p=0.001), obesity (OR 1.96, CI95 1.20–3.21, p=0.007), and insulin-de-
pendent diabetes mellitus (OR 2.09, CI95 1.05–10.06, p=0.016). Mean follow-up in the matched set was 125 
months, IQR 99–162. After matching, in-hospital mortality was higher in the DSWI group (8.1% vs. 2.7% p=0.03), 
but DSWI was not an independent predictor of long-term survival (adjusted HR 1.5, CI95 0.7–3.2, p=0.33).
 Conclusions: The results presented in this report clearly show that post-sternotomy deep wound infection does not influ-
ence long-term survival in an adult general cardio-surgical patient population.
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Background
Incidence of surgical site infections (SSI) ranges between 0.3% 
and 8%. Deep sternal wound infection (DSWI) is a severe and 
life-threatening complication of median sternotomy after car-
diac surgery, with an incidence ranging from 1% to 3% [1,2] 
and a mortality rate ranging from 19% to 29% [1,3]. This com-
plication is associated with prolonged hospital stay, augment-
ed surgical load due to repeated wound revision, chest wall 
instability and consequent respiratory impairment, and elevat-
ed financial impact on hospital stay [4,5]. Although the pre-
dictive factors and risk profile of patients are well identified, 
the exact mechanism of DSWI has not been clearly described. 
Regarding the risk factors, there is a strong suggestion that 
impairment of vascular supply of the sternum may be one of 
the most important factors influencing the incidence of DSWI, 
including obesity, diabetes mellitus, chronic obstructive pul-
monary disease (COPD), connective tissue disease, steroid use, 
smoking, peripheral vascular disease (PVD), and renal insuf-
ficiency. In addition, intraoperative factors (e.g., use of bilat-
eral internal mammary arteries) and postoperative variables 
(e.g., prolonged mechanical ventilation; reoperation for bleed-
ing; postoperative transfusions; and gastrointestinal, nephro-
logic, and respiratory complications) have been shown to be 
associated with DSWI [4–6].
Although the risk factors and treatment modalities were well 
explored and described in recent reports, the long-term influ-
ence of DSWI on postoperative life expectancy has seldom been 
addressed. In this report, we explore the influence of DSWI on 
postoperative survival over 10 years. Additionally, the natural 
history and evolution of history of patients with DSWI after 
discharge from the hospital is described with a focus on ma-
jor cardiovascular events.
Material and Methods
Patient population and data collection
Included in these analyses were a total of 4732 consecutive pa-
tients who underwent open heart surgery at University Hospital 
Lausanne, CHUV, Switzerland, from January 1995 to December 
2005. Patients having assist device implantation, heart trans-
plantation, recent steroid treatment, and age younger than 
18 years were excluded. Data from the institutional database 
were prospectively collected for variables such as age, sex, 
body mass index (BMI), type of surgical intervention, urgency 
of operation, prior cardiac surgery, congestive cardiomyopa-
thy, history of myocardial infarction, smoking, diabetes melli-
tus, hypertension, family history, preoperative ejection frac-
tion, cancer, COPD, and renal dysfunction. Procedural data were 
also collected on the use of cardiopulmonary bypass and the 
number of distal anastomoses. Postoperative parameters in-
cluded emergency exploration due to hemodynamic instabili-
ty, hospital mortality, length of stay, and major complications 
after surgery (e.g., transmural myocardial infarction, DSWI sep-
sis, renal failure, and respiratory failure).
Follow-up ended on April 15 2011 and was performed by phone 
calls to the patients and referred physicians.
Deep sternal wound infection patients were compared in a ratio 
of 1: 2 to the patients without infection; the matching criteria 
were: age, sex, surgical intervention, renal impairment, COPD, 
smoking, obesity, ejection fraction, and diabetes. Matching was 
performed in the institutional database, in which patients are 
routinely registered according to preoperative co-morbidities, 
intervention type, and in-hospital events.
Deep sternal wound infection was defined according to the 
guidelines of the Centers for Disease Control and Diagnosis, 
which requires fulfillment of at least 1 of the following crite-
ria: (1) an organism isolated from culture of mediastinal tissue 
or fluid; (2) evidence of mediastinitis evident to the unaided 
eye; or (3) presence of either chest pain, sternal instability, or 
fever (38°C), and either purulent discharge from the medias-
tinum isolation of an organism isolated from blood culture or 
culture of drainage of the mediastinal area.
Data analysis
Statistical analyses were performed using SPSS software, ver-
sion 17.0 (SPSS, Chicago, IL, USA). Data were tested for nor-
mality and equal distribution (Kolmogorov-Smirnov test and 
assessment of skewness and kurtosis). Risk factors of DSWI 
were identified using a binary logistic regression model ap-
plied to the entire population, after stepwise selection of the 
variables to be entered into the model. Adjusted odds ratios 
(OR) and 95% confidence intervals (CI95) were estimated.
To control for risk factors of DSWI, every patient with DSWI 
was matched with 2 control patients without DSWI, according 
to known risk factors of DSWI, and to those identified here. 
Balance between matched groups was checked using paired 
t tests for continuous variables, and McNemar’s test for cat-
egorical variables. In-hospital mortality rates were compared 
using McNemar’s test. Correlations between pre-, intra-, or 
postoperative variables and infection, or survival were evalu-
ated by Pearson or Spearman correlation tests. Differences in 
postoperative survival between patients with DSWI and with-
out DSWI were assessed by Kaplan-Meier analysis, the log-rank 
test, and a Cox regression model adjusted on parameters that 
were significantly correlated with survival or infection, as well 
as on the matching criteria mentioned above. Adjusted haz-
ard ratios (HR) and CI95 were estimated.
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Unless otherwise specified, numerical data are presented as 
mean and standard deviation (SD), and categorical data as 
group proportion (%) unless otherwise specified, and p < 0.05 
was considered significant throughout.
Results
Out of 4792 patients who received open heart surgery dur-
ing the period between December 1995 and January 2005, 
74 patients (1.54%) developed deep sternal infection (DSWI). 
Matching of patients’ characteristics resulted in 2 groups: the 
DSWI group (n=74) compared to the control group (n=148) 
without infection (1:2 match). Significant independent predic-
tors for the development of DSWI were: active smoking (OR 
2.19, CI 1.35–3.53, p=0.001), obesity (OR 1.96, CI 1.20–3.21, 
p=0.007), and insulin-dependent diabetes mellitus (OR 2.09, 
CI 1.05–10.06, p=0.16).
The time to DSWI diagnosis ranged between 3 and 36 days, 
with a median of 13 days. The surgical treatment of DSWI was 
a 2-stage therapy. After diagnosis was established, the surgical 
revision was performed, including debridement of necrotic tis-
sue and topical treatment with antiseptic solution. In the sec-
ond part of the treatment, wound conditioning was performed 
by VAC. Secondary closure of the open chest wound was per-
formed in all patients: as direct closure in 54 cases (72.3%), as 
reconstruction with rotated rectus abdominis flap in 11 pat-
ents (14.8%), and as pectoral muscle flap in 9 cases (12.2%). 
The preoperative characteristics of patients in both groups are 
presented in Table 1. Lengths of interventions (261±65 in DSWI 
vs. 208±55 min in controls; p=0.09), extracorporeal circulation 
DSWI group Control group p
Age (years), mean, SD 64±13 64±12 0.31
Female  19/74 (25.7%)  40/148 (27.0%) 1.00
CABG  49/74 (66.2%)  98/148 (66.2%) 1.00
Valve operation  24/74 (32.4%)  48/148 (32.4%) 1.00
CABG + valve  9/74 (12.1%)  18/148 (12.2%) 1.00
Urgency operation  14/74 (18.9%)  18/148 (12.2%) 0.36
Ejection fraction categories 0.23
 EF>50%  23/74 (31.1%)  55/148 (37.2%)
 EF 30–50%  46/74 (62.2%)  88/148 (59.4%)
 EF<30%  5/74 (6.7%)  5/148 (3.4%)
Positive familiar anamnesis  7/74 (9.4%)  19/148 (12.8%) 0.79
Hypertension  54/74 (74.0%)  102/148 (68.9%) 0.39
COPD  10/74 (13.5%)  18/148 (12.2%) 1.00
Diabetes mellitus treated orally  12/74 (16.2%)  20/148 (13.5%) 0.82
Diabetes mellitus treated with insulin  10/74 (13.5%)  20/148 (13.5%) 1.00
Diabetes mellitus treated with diet  3/74 (4.0%)  4/148 (2.7%) 1.00
Impairement of renal function  13/74 (17.6%)  24/148 (16.2%) 1.00
Active smoking  27/74 (36.5%)  54/148 (36.5%) 1.00
Smoking history  15/74 (20.3%)  30/148 (20.3%) 1.00
Hypercholesterolemia  34/74 (45.9%)  76/148 (51.3%) 0.62
Hyper Triglyceridemia  0/74 (0%)  10/148 (6.7%) 0.06
Obesity (BMI >35)  25/74 (33.8%)  48/148 (32.4%) 1.00
Cancer  8/74 (10.8%)  4/148 (2.7%) 0.10
Table 1. Comparison of preoperative characteristic between groups after matching.
Results are shown as numbers and percentages, unless stated otherwise. DSWI – deep sternal wound infection; CABG – coronary 
bypass graft; EF – ejection fraction; COPD – chronic obstructive pulmonary disease.
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time (111±61 in DSWI vs. 105±69 min in controls; p=0.74), and 
aortic cross-clamping time (76±42 min in DSWI vs. 67±35 min 
in controls; p=0.17) were not different between the 2 groups. 
In-hospital mortality was significantly higher in the DSWI group 
with 8% as compared to the control group with 2.7% (p=0.03). 
In the DSWI group, the hospital stay was longer as compared 
to the control group, 35 vs. 11 days, p<0.001). Incidence of 
acute postoperative renal impairment was also higher (25% 
vs. 8%, p=0.009). The frequencies of postoperative myocardi-
al infarction, respiratory failure, and hemorrhage requiring re-
intervention did not differ between patients with and without 
DSWI (Table 2). Cardiac cause of death during follow-up was 
not significantly different between groups (15% in the DSWI 
group vs. 11% in the control group, p=0.65)
The median follow-up in the matched set was 125 months 
and the IQR ranged from 99 to 162 months. During follow-up, 
the mortality rate was 27.0% in the DSWI group and 21.6% 
in controls (log-rank test p value 0.57, Figure 1). After adjust-
ment on the parameters that were significantly correlated with 
survival or infection, as well as on the matching criteria men-
tioned above, the risk of death during follow-up was not relat-
ed to the occurrence of DSWI (HR 1.5, CI95 0.7–3.2, p=0.33). 
Independent predictors for long-term mortality were preop-
erative cancer (HR 12.1, CI95 3.9–37.2; p<0.001), surgery for 
heart valve in conjunction with aorto-coronary bypass (HR 3.8, 
CI95 1.6–9.1; p=0.003), and preoperative chronic lung disease 
(HR 2.6, CI95 1.1–6.2; p=0.03).
Discussion
Deep sternal wound infection is one of the most serious post-
operative complications after median sternotomy and it has a 
relatively high mortality. This has motivated numerous research 
groups to evaluate in detail the clinical profiles of patients 
with DSWI as well as to explore the predictive factors that 
may presage this pathology. In this context, the influence of 
DSWI on in-hospital and short-term mortality was one of the 
most intensively discussed subjects in the past [1–6]. It seems 
that preoperative as well as intra-operative predictive factors 
were well identified. However, most risk factors for DSWI are 
not amenable to modification [7]. In order to reduce the in-
cidence of DSWI, different preventive measures were under-
taken. For example, in patients with diabetes mellitus, tight 
control of blood sugar level reduced the incidence of DSWI 
[8], and use of skeletonized mammary artery also significant-
ly contributed to reduction of this complication [9]. Although 
the characteristics of DSWI were well explored, long-term sur-
vival and mortality profile of the patients having DSWI after 
DSWI group Control group p
Reoperation because of hemorrhage  7/74 (9.4%)  16/148 (10.8%) 1.00
Length of hospital stay (days), median, IQR 11, 10–15 35, 24–54 <0.001
Postoperative MI  7/74 (9.4%)  10/148 (6.7%) 0.76
Renal failure  18/74 (24.3%)  10/148 (6.7%) 0.009
Sepsis  11/74 (14.9%)  3/148 (2.0%) 0.009
Respiratory failure  5/74 (6.7%)  4/148 (2.7%) 0.44
In hospital mortality  6/74 (8.1%)  4/148 (2.7%) 0.03
Total mortality during follow up  20/74 (27.0%)  32/148 (21.6%) 0.37
Cardiac cause of mortality during follow up  11/74 (14.9%)  16/148 (10.8%) 0.65
Table 2. Postoperative complications in the matched set.
Results are shown as numbers and percentages, unless stated otherwise. DSWI – deep sternal wound infection; MI – myocardial 
infarction.
Figure 1.  Kaplan-Meier plot showing survival over a more 
than 10-year follow-up. Long-term survival was not 
significantly different between patients with DSWI 
(*) and controls without DSWI (**), 27.0% vs. 21.6% 
respectively, log-rank test p-value 0.57.
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hospital admission has not been sufficiently described and 
evaluated. To the best of our knowledge, few reports in the 
literature have discussed mid-term or long-term results fol-
lowing DSWI [10–12].
In the present study, a follow-up of more that 10 years was ex-
ecuted by phone calls to the patients and their personal physi-
cians. Information regarding mortality and complications during 
this period were obtained. Incidence of DSWI was 1.56%, with 
perioperative mortality of 8.1%; both results are comparable 
to results published in the literature, in which the incidence of 
DSWI is reported to be between 1.5% and 3%, with a perioper-
ative mortality ranging from 15% to 30% [10–12]. Out of 74 pa-
tients, a cardiac cause of death was presented in 5 patients and 
sepsis was presented in 4 cases. In 1 case with cardiac cause of 
death, laceration of the right ventricle was the cause of death. In 
the 3 remaining cases, cardiac failure was the reason for death.
In long-term survival, there was no difference between groups. 
The total mortality was 27% in the DSWI group and 21.6% in 
the controls (p=0.57), which actually corresponds to the long-
term mortality after open heart surgery [14,15]. Mortality due 
to a cardiac event was not significantly different in the 2 groups 
investigated: 15% in DSWI and 11% in controls. This result 
corresponds to the reports published in which the impact of 
DSWI following cardiac surgery was evaluated over a period 
of 8 years [12,15]. Thirty-day mortality was also elevated in 
the DSWI group – 7.3% vs. 1.6% in the control group [15]. No 
further differences in 4-year and 8-year survival rate between 
the 2 groups were found (77.2% and 61.8%, respectively, in 
patients with DSWI, as compared with 78.0% and 67.5%, re-
spectively, in patients without DSWI) [15]. Consistent with re-
sults reported by Cayci et al. [16], DSWI did not influence the 
long-term survival in the present population.
However, we have to be aware that this statement is only 
true after the perioperative period passed. This can also be 
seen in the Kaplan Meier curve, where the survival between 
the 2 groups is parallel after the perioperative period. This 
means that the in-hospital period for patients is critical, with 
elevated mortality. If this phase is successfully survived, their 
life expectancy does not differ from that of patients without 
DSWI. Reasons for in-hospital mortality in the DSWI group 
are multifactorial.
The in-hospital mortality was 7%, which is about 3 times higher 
than in the in-patient population without DSWI. In the major-
ity of cases, it was a consequence of septicemia and/or multi-
organ failure. In addition to the septic events, repeated sur-
gical revision with change of VAC systems may contribute to 
elevated mortality. Repeated surgical revisions are earmarked 
by repeated surgical trauma, which clearly increases periop-
erative stress. Debridement and occasional sternal bone frac-
tures due to infection, as well as debridement and repeated 
surgical manipulation with VAC system, may contribute to lac-
eration and perforation of the right ventricle. This was also a 
case in our series.
Conclusions
DSWI is one of the most devastating complications in the post-
operative period – patients suffer from a prolonged hospital 
stay coupled with repeated surgical interventions, which leads 
to increased hospital costs. Overall, the pathophysiological 
mechanism is unclear and difficult to prevent. The incidence 
has remained stable, and although different prevention mea-
sures have been proposed in the last decade, they have not 
lowered the prevalence of this complication. However, we be-
lieve that if prevention is impossible at this point of our knowl-
edge, then treatment modalities may be changed to reduce 
the length of hospital stay, as well as reduce surgical trauma, 
mortality, and morbidity [16]. However, to prove this hypoth-
esis, further clinical trials should be conducted.
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